In this paper, a dicsrcte method for analyzing the geometrical nonlinear problems of rectangular plates is proposed. The solutions of partial differential equations of rectangular plates are obtained in discrete forms by applying the numerical integration, and they give the transverse shear forces, twisting moment, bending moments, rotations, deflection, in-plane displacements and membrane forces at all discrete points. The nonlinear problems are solved by the iteration and the load incremental procedure. As the applications of the present method, geometrical nonlinear bending and postbuckling problems of rectangular plates with some of boundary conditions are calculated.
INTRODUCTION
A rectangular Mindlin plate is referred to an X-YMZ system of rectangular coordinates with the position of the origin 0 of the x-y-z system at the corner of the middle plane of the plate, as shown in numerical integrations, the discrete solutions can be obtained. Thus, they give the trans M verse shear forces, twisting moment, bending moments, rotations, deflection, in-plane displacements and membrane forces at all discrete points of the plate.
As the applications of the proposed method, numerical solutions for square plates with three types of boundary conditions: four clamped edges, four simply supported edges, and two opposite edges simply supported and the other two edges clamped, are presented. Using these equations, the geometrical nonlinear problems of the rectangular plates have been analyzed by many researchers. The approximate solutions of the rectangular plate subjected to lateral loads have been obtained by the finite element method 3 ),4), the energy method'>, etc. 6 ),7). The post-buckling behavior of the rectangular plate under edge compression has been investigated by using the numerical methods such as the finite element method 8), the finite strip method 9), etc. 10),11).
FUNDAMENTAL DIFFERENTIAL EQUATIONS
However, it has been hardly cauied out to studies the geometrical nonlinear problems of the plates having various boundary and loading conditions.
In this paper, a discrete method is developed to study the geometrical nonlinear analysis of the rectangular plate. The discrete solutions of partial differential equations governing the geometrical nonlinear behavior of the rectangular plate are obtained in discrete forms. By transforming the differential equations into integral equations and applying A rectangular plate can be divided in the 1]-directioll into m equal-length parts and in the t;-direction into n eqnal-Iength parts as shown in Fig.2 , and the plate considerd as a gronp of discrete points which are the intersections of the vertical and horizontal dividing lines.
The rectangular area, OS?JS?Ji and Ost;sSj, corresponding to an arbitrary intersection (iJ) shown in Fig.2 , is expressed as the area~Jl in this paper, and the intersection (iJ) denoted 
By applying the numerical integration to Eqs.(3.A) and (3.B), the simultaneous equation of unknown qnantities Xsii (8"'1-8,9-13) which are the dimensionless shear forces, twisting moment, bending moments, rotations, deflection, in-plane displacements and membrane forces at the main point (jJJ of the area~j] are obtained as follows:
k"O 1"0 The solutions Xpij of the simultaneous Eqs. (4.A) and (4.B) are expressed as follows:
Apt,Bpt,Cptkl: APPENDIX III The coefficients fJlk,f3;1 are the weight coefficients of the nnmerical integration. The trapezoidal rule of approximate numerical integration is applied in this paper, therefore the values of aik,ajl are given as follows: (1'=1,3,4,6,7, 8) and Xso g (.1'=2,3,5,6,7,8) or X"jO (u=9,10,1l, 12) and Xvo g (v=9,10,1l,13) There are ten integral constants at each discrete point, and five of them are selfevident according to the boundary conditions along the edges 1;=0 and 77=0. The remaining five integral constants can be determined by the boundary conditions along the edges 1;=1.0 and 77=1.0.
(1) The boundary conditions of rectangular plate sUbjected to lateral loads For the boundary conditions of rectangular plate subjected to lateral loads, the following four cases: four clamped edges (CCCC); four (CCCe).
COMPUTATIONAL PROCEDURE
In this paper, the geometrical nonlinear problems are solved by iteration and the load incremcntal procedure. The outline of the computational procedure is described as follows: 1 
NUMERICAL RESULTS
. Numerical solutions for two specific problems are presented. The first problem involves the square plates subjected to lateral loads that are uniformly distributed throughout the plate or concentrated at the center of the plate. The other problem involves the square plate subjected to edge compression and with small initial curvature. First, in order to confirm the convergence and accuracy of numerical solutions obtained by the discrete method, it is applied to the geometrical nonlinear analysis of square plates (h/a=0.01, v=0. 3) subjected to uniformly distributed lateral load. Fig.4 shows the load-deflection curves with respect to maximum deflection. Fig.5 shows the load-stress curves at the center of the square plate with respect to upper surface (compression), lower surface (tension) and membrane stress. These figures show the comparison between the discrete solutions and the other solutions such as the finite element solutions obtained by Kawai et al. 3) and Schmidt'), and the solutions from the energy method by Way 5) It is found from these figures that the numerical solutions obtained by the discrete method agree with those obtained by finite element and the energy method. b) Simply supported plate (SSSS) Figs.6, 7 and 8 present the computing results for a square plate with foUl' simply supported edges. Fig.6 shows the loaddeflection curves with respect to the maximum deflection when non-dimensional incremental load intensity is Llqa 4 /Dh = 100. Figs. 7 and 8 shows the load-stress curves at the center of the square plate, and the former is the results of the plate with pin supported edges and the latter is the results of the plate with roller supported edges. In Figs.6 and 7, the numerical solutions obtained from the discrete method are compared with those of the solutions by Berger 6) and Levy?). It is seen that the load-deflection curve obtained by the discrete methoo agree with Levy's solution better than Berger's.
c) Plate with two edges clamped (SesC)
The results similar to those described above, for a square plate with two opposite edges simply supported and the other two edges clamped are described in Figs.9 and 10. Fig.9 shows the load-deflection curves with respect to the maximum dGflection when non-dimensional incremental load intensity is !Jqa 4 /Dh = 100. Fig.IO shows the load-stress curves at the center of a square plate. In Fig.9 , the numerical solutions obtained from the discrete method are compared with those of the solutions by Berge ( 6 ) The deflection by the discrete method is a little greater than Berger's solution. d) Plate under a concentrated load Second, the present method is applied to the square plates under a concentrated load P at the center, with four clamped edges and with four simply supported edges. Fig.  11 shows the load-deflection curves with respect to the~aximum deflection when nondimensional incremental load intensity is IJPa 2/Dh = 50.
(2) Rectangular plate subjected to edge compression In the previous section, the rectangular plate subjected to lateral load has been treated. Here, the rectangular plate (h/a=O. 01 , v=I/3) subjected to edge compression, with a small initial curvature (wo/h=0.005,0.1) is consi dered. a) Plate with four simply supported edges First, the present method is applied to the simply supported square plates subjected to edge compression, with uniformly displaced edges and with uniformly loaded edges. Fig.12 shows the load-deflection curves with respect to the maximum deflection at the center when the division m=n=8. In this figure the discrete solutions are compared with the double Fourier series solutions obtained by Yamaki 10) It is found from this figure that a good agreement· exists between these sets of results. b) Plate with loaded edges clamped and the other edges simply supported Next, the present method is applied to the square plate with loaded edges clamped and the other edges simply supported, and with uniformly displaced edges. Fig.13 shows the load-deflection curves with respect to the maximum deflection at the center (m=n=lO). The solutions obtained by Yamaki 10) are also plotted for comparison in Fig.13 , and a good agreement is observed. c) Plate with loaded edges simply snpported and the other edges clamped Fig. 14 presents the computing results for a square plate with loaded edges simply supported and the other edges clamped, and with uniformly displaced edges. Fig.14 shows the load-deflection curves with respect to the maximum deflection at point A (m=n=8). It is here assumed that the small initial deflection is two half-waves in the x-direction, because of a square plate buckling in two half-waves in the xMdirection in this case. This figure also shows a comparison between the discrete solutions and a double Fourire series solutions obtained by Yamald 10), and a good agreement exists between these sets of results.
CONCLUSIONS
The main conclusions can be summarized as follows.
(1) A general numerical method for the geometrical nonlinear problems of rectangular plates has been proposed, and the proposed method has been applied to the square plates with three types of boundary conditions. (2) The discrete solutions are obtained by transforming the differential eqnations into integral eqnations and applying nnmerical integrations, and tbey give the transverse shear forces, twisttng moment, bending moments, rotations, deflection, in-plane displacements and membrane forces at all discrete points of the plate. Thns, the proposed method does not require prior assumption of the shape of the deflection of the plate.
(3) By utilizing the present method, the geometrical nonlinear problems for the rectangular plates having some of boundary and loading conditions can be treated with acceptable accuracy.
(4) In the proposed method, the size of the matrices of the simultaneous eqnation is rednced as well as the boundary element method. Furthermore, since the coefficients in Eqs.(6.A) and (6.B) can be independently calculated, CPU time cau be reduced by usiug the parallel computer. 
